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ABSTRACT

This report describes a FORTRAN II computer program for
generating synthetic ballistic vehicle trajectories. The vehicle is
considered to have a constant ballistic coefficient and to be under the
influence of gravitational, aerodynamic, centrifugal and Coriolis
forces. The program contains provisions for computing the trajectory
in the reference frame of an arbitrarily located radar station.

A copy of the program may be obtained from the Scientific

Programming Library, Program No. SP-66.

Approved By: Approved By:

Harry C. Crews, Jr, Ralph L., Edwards

Director, Electromagnetics Chief, Hypervelocity
Laboratory Physics Branch
Brown Engineering Company, Inc. AMC Physical Sciences

Laboratory
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LIST OF SYMBOLS

Vehicle reference area

Vehicle azimuth angle (measured in radar system)
Drag coefficient (a characteristic of the vehicle)
Vehicle elevation angle (measured in radar system)
Acceleration of gravity at sea-level

Height above the earth's surface

A force constant defined on page 4

Unit vectors along the X, Y, Z axes respectively
of the earth-fixed coordinate system

Radius vector from earth's center to the vehicle

A previous value of !—{used to compute ground range
Slant range to vehicle measured from radar site
Rl in vector form

Time rate of change of the slant range

Mear radius of the earth

Radius of the earth at latitude ¢

Radius of the earth at the latitude of the radar site
Ground range defined on page 7

An increment of ground range

Time

An increment of time

iii
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LIST OF SYMBOLS (cont.)

Vector velocity of the vehicle in the earth-fixed
X, Y, Z system
Magnitude of V

Velocity components in the local reference system
of the vehicle

“m
Weight of the vehicle
Earth-fixed coordinate system (Figure 1)
First time derivatives of X, Y, Z
Second time derivatives of X, Y, Z

L.ocal reference system of the vehicle (Figure 2)

Coordinate of the radar in the earth-fixed
X, Y, Z system

Radar coordinate system (Figure 1)
Ballistic cocefficient

Velocity aspect angle defined on page 11
Vehicle re-entry angle

Longitude of the vehicle

lL.ongitude of the radar

A constant defined on page 4

—» —

Angle between R and R used in computing ground range

Atmospheric density

iv
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NOTE:

LIST OF SYMBOLS (cont.)

Latitude of the vehicle
Latitude of the radar
Bearing angle of the vehicle

Earth's rotation rate

With the exception of ground range all distances are in feet.
Ground range is in nautical miles. B has units of 1b/ft?
and p is in slugs/ft?
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INTRODUCTION

This trajectory program is intended for use when the vehicle can
be considered as a point mass under the influence of gravity, atmospheric
drag force, Coriolis force and centrifugal force. The input parameters
have been chosen to be as few in number as possible and, at the same time,
the ones most often used. For instance, the initial position of the vehicle
is determined by its longitude as measured from Greenwich, its latitude
above or below the equator and its height above the earth's surface. The
position of the vehicle in a radar system is calculated from a knowledge of the
longitude and latitude of the radar site.

The equations of motion, coordinate transformations and auxiliary
computations are contained in the main body of the report. Appendix A
contains the numerical integration procedure used to solve the equations
of motion. Appendix B contains a list of the Fortran symbols and corres-
ponding mathematical symbols, a complete listing of the Fortran state-
ments and a flow diagram of the program. The input-output quantities
are also defined in Appendix B.

The author would like to thank Mr. Thomas J. Kroupa III for his

assistance in programming the cquations for an IBM 1410 computer.



EQUATIONS OF MOTION

The trajectory of the vehicle is referenced to a right-handed
rectangular co-ordinate system, x, y, 2, rigidly connccted to the
rotating earth and with the origin at the earth's center. The z-axis
is along the earth's polar axis and the xy plane 1s in the plane of the
equator with the x-axis located at the meridian of Greenwich.,  (See
Figure 1).

The forces acting on the vehicle in this system are gravitational,
air resistance, Coriolis, and centrifugal. With the assumption that the
force due to air resistance varies as -kV4, the cquations of motion

along cach of the co-ordinate axes are: (Reference 1)

<
-pé o 1 ,
= 1 CORRGE F PP 4 R4 29w b o x (1
(l ; Z.’/a
X® b oyt ot o2
< i
“py P L2 . - . 5
LR fLy~ T KBk iy (2)

.. d‘ x déy df 2 .
here x, y, 2 = — . . = respectively, and
where x, y, » m _%dt o I y
. dx d dz .
X, Y, ? - —— £y == respectively
y dt dt dt
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Figure 1

Relationship Between the Farth-Fixed x,y,z System
and the Radar x,.,y;,2; System
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g, ° acceleration of gravity at sca-level
R, = mean radius of the earth

K= Lug ol

p = atmospheric density

p i1s computed as a function of altitude by a4 subroutine
based on the ARDC Mode!l Atmosphere, 1959 (Ref. 4)

B = W/CpA , the ballistic coefficient
W = the weight of the vehicle

Cp = drag coefficient

A = reference area

w = e¢arth's rotation rate

Equations (1), (2), and (3) were numerically integrated by the
fourth order method of Runge-Kutta as outlined in Appendix A. To
start the integration procedure, a point in the 7-dimensional configuration
space t xy z X y z must be known. This point is determined from the
usual earth referenced trajectory parameters (speed. altitude, latitude,
longitude, bearing angle and re-entry angle) by the following traasforma-

tions. (Sce Figure 2)

x = [Re(d) + H] cos ¢cos 0
y = [Ro($) + H] cos ¢ sin 0 (4)

2z = [Rg(¢) + H] 8in 0
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Figure 2

Relationship Between the Earth-Fixed x,y, z System

and the Vehicle Local Reference System x., y .. 2z

m



X -8in 0 -gin ¢ cos 0 cos ¢ cos O \'4
Xm

y| =] cos @ -8in ¢ 8in O cos ¢ sin € \' (5)
Ym

z 0 cos ¢ sin ¢ Vzm

where me = V cos 6 sin ¢

va = V cos b cosy

Vzm = V sin

0 = longitude of the vehicle

¢ = latitude of the vehicle

b = re-entry angle (positive upward - see Figure 2)

Y = bearing angle (positive clockwise from north - see

Figure 2)
me ) va'
Vz,, = the components of V in the vehicle's local reference
system - see Figure 2
H = altitude above the earth's surface
Re(¢) = radius of the earth at latitude ¢
.1

Re($) = 20855967(1 - .00672267 cos® ¢) *

Equations (4) and (5) are integral parts of the computer program,

The vehicle's position at any time during the integration is

given by:

1
H = (& +y*+2%)° - R (4) (6)
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1

¢ = tan —mMm8m M — 0o
(x* + yz)%

where if z is positive, 0 < ¢ < 90° (north latitude), and if z is

negative, -90° < ¢ < 0 (south latitude).
® = tan? X
X

To remove the ambiguity from 6, east longitudes were chosen to be
positive, and west longitudes negative. The value of 8 is determined

from Subroutine QUAD by the following scheme:

y x 0

+ + 0° < 6 < 90°

+ - 90° < & < 180°
- + -90* < 8 < 0°

- - -180° < 6 < -90°

Ground range (S) is defined to be the distance traveled from
the initial point along the earth's surface and is computed in increments
as follows:

- — -

Let R = ix + jy + kz attimet

and Ro = ixg + jyo + kz, attime t- Al
Then:

IR, xR | = |Ry| |R| sin ¢

where £ is the angle between the twu vectors. Since the computation



interval At is very small, R will differ very little from R,, and

and sin § T £,
Thus,
¢ = |[RyxR|/|R,| |R| . and
AS = R, ¢ : {9)

AS is summed at the end of each computation interval to give S.

T!e re-entry angle, 6, is given at any time by:

R + V = |R||V| cos (n/2 - &)
= |R||V] sin b
5 = sint K- v/mm (10)
where:
R =ix+jy+Kkz
and,
V = ix+ j‘.y+ I:z

6 is defined to be positive when above the local horizontal and negative

when below. (See Figure 2).
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TRAJECTORY PARAMETERS IN A RADAR REFERENCEZ SYSTEM

The co-ordinate system x;,y,,2; with origin O, at the radar is
defined as follows: (See Figure 1)

X1,Y1,2) are co-ordinate axes with origin O, at the surface of the
earth, the x;,y; plane is perpendicular to a radius vector drawn from the
center of the earth and the z; axis is along the radius vector, the positive
direction »r x; and y, are taken to be due east and due north respectively.

For a station at latitude ¢, and longitude 6,, the co-ordinates of

O, in the earth-fixed x,y, z system are:

Xp = Rer cos ¢, cos 6,
Yr = Rgpcos ¢, 8in 6, (11)
z, = Ry, 8in ¢,

where Ry, i8 the value of Re(¢) at ¢..
Using the standard equation for translation and rotation of
co-ordinate axes, the following relationship between the two systems

is obtained. From x,y,2 to xy,y;,2;:

X -sin 0, cos €, 0 bogx = xp !
yi{ = | -sin ¢, cos 6, -8in ¢, sin 0, cos ¢, Y- Y, (12)
7 cos ¢, cos Or cos ¢r sin 0, sin ¢r z -2z,

9
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from Xy, Yy,

X -s5in Ox'
y |- cos O,
2 0

2y to X, y,

-sin ¢, cos 0,
-sin ¢, s8in Uy

cos ¢,

cus ¢ cus U
cos §p sn O,

sin 4,

X X

yi| 4+ (ye| (13)

) VN

In the computer program, these transtorqnations are executed

by the subruutines COOD and COOR.  Thus, if one wishes to define the

radar system in some other manner, only the subroutines will have to

he change b,

After the vehicle's position has been transformed from the

X, y, 2z system to the x;, y;, 2z, system, the slant range, azimuth

angle, and elevation angle are computed as follows:

[{l =

F., =

Az=

1
(2 + y1¢ + 2,2

)
tan™t {2y /02 + oy, %)¢ )

tan™ (1‘-1-
Y1

(14)

(15)

[
6}

E, ranges from 0° to 90° and is positive if the vehicle is

above the horizon.

A

trom north.

k., F,, and A, are computed in subroutine RAE.

made about COOD and COODI also apply to RAE.

10

, ranges from 0° to 360° and is measured positive clockwise

The comments
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T{l can be expressed in the x,y, 2z system as:
—_ - - -
Ry = i (x-xp)t jly-yp)t k(z-2.) .

and the velocity vector in the same system is:

Using these two equations, the velocity aspect angle ard the range rate

can be computed.
The velocity aspect angle (angle betwceen the radar line of

sight and the velocity vector} is given by:

— -
R, .V

= cos )
v TRV

- .
The component ot |V| along Ry is the range-rate (R;). Thus,
Ry = |V cosy

Since ih is negative when the vehicle is approaching the radar,
y ts chosen to range from 0° to 180°. y = 0° when the vehicle is
poing directly away from the radar, and y = 180° when *he vehicle

15 headed straight in,

1

(18)



CONCLUSIONS

The output of the computer program has been compared to actual
radar data and found to be in good agreement. It is felt that the program
will be useful for generating theoretical slowdown curves and for
determining range, range rates, and look-angles from arbitrary radar

locations.

12
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APPENDIX A

NUMERICAL INTEGRATION OF THE EQUATIONS OF MOTION

The method described below in the classic fourth order procedure
of Runge-Kutta (Reference 2). Only one point on the integral curves is
needed to start the integration, and with the aid of high speed computing
machines, any degree of accuracy can be achieved by choosing a
sufficieatly small increment of the independent variable.

Writing equations (1}, (2), and (3) as:

.x. - f] (tn X, y' Z, X, y' z) (lA)
y = f(t.x.y,z,x,y,2) (2A)
Z = f3{t.,x,y,2,x,Y,2) (3A)

The integration proceeds as follows,
Let t take on an increment At; then x,y, 2, x,y, and 2z receive

increments Ky, K;, K,, Ky, K, and K, respectively.

Kl = l/6 (kn + zkzl + zkll + kdl) (4A)
K: = 1/6 (ky; + 2k;z + 2ky, + kg;) (5A)
K, = ‘/6 (kl] + zkz3 + Zk,, + k‘,) (6A)



K,

1/6 (kyy + 2kpq + 2kyy + kgy)
1/6 (kyy + 2ky + 2k + Kkys)
1/6 (kyy + 2kze + 2 kyg + Kkygp)
x At

y At

z At

fy t.x,y.2z,x,y, 2) At
f(t.x,y, 2z, x,y, 2) At
f,(t,x,y,2,%,Y,2)At

(x + iki4) At

vy + ikis)at

(2 + ikye)at

fl(t+;‘!At.X+%k||. y+%k|z. Z+éku.)'(+%k“.

v+ ikis o 2+ jkge) At

14

TA)

(BA)

(9A)

(10A)

(11A)

(12A)

(13A)

(14A)

(15A)

(16A)

(17A)

18A)

(19A)
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kZS

k2e

ka1

kq2

= f (t+ 3 At, x+ jkyy, y+ skiz, z + 3k, k+ Lk,

y+ 3kis, 2+ tkie,) At

= f3 (t+ 3 At x+ jkyy, y+ dkiz, 2+ Yk, k+ Lk,

v+ 3kis, 2+ 1k ,) At
= (3( + %kz4) At

= (y + zkgs) At

(z + 1ky ) At

fl (t+ %At, x + %kz], y+ "l,:kzz, z + ‘lkz;. x + %ku.

.

y+ zkes, z + 3ky) At

f, (t + %At. x + %kz], y + é‘kzz, z + ‘}:‘kz;, x + %ku.

y + ékzs- z + ik“) At

‘.3 (t+ ;At, x + ikzl, y+ éklz, z + lkz;, 3(4'5](24,

yt+ lkes, 2+ k) At

(x + kiq)At

(y + kys) At

L]

(z + kyq) At

= fl(t"'At., x + k,l, y+k,z, z"'k’,, 5(+ k)‘.i""k:s.

z + k) At

15

(20A)

(21A)

(22A)

(23A)

(24A)

(25A)

(26 A\

(27A)

(28A)

(29A)

(30A)

(31A)



k4r, :fg(l}Al, X+k,l. y+ k,z, Z"‘k"',, ;(+ k34,-y+k35,

2+ k) At (324)
ko = Ly (L8 AL x+ kyoy + koo 2+ kyy, X4 kyy ¥t ks
24 k) Ot (334)

On the first pass through equations 10A to 33A, the
variables t, x, y, 2, X, y, z will have their initial values. After
equation 33A has been executed, t is incremented by At, x by K},
y by K,, z by K;, X by K¢, y by K5, and z by K, and the procedure
beginning at 10A is repeated.

During portions of the trajectory where the acceleration
is small At may be chosen fairly large (around | sec), but when
the acceleration is large, At must be small (around 1/100 sec).

Equations £y, f,, and f; are evaluated in the program by

subroutine FU123.

16
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LIST OF FORTRAN SYMBOLS

FORTRAN Symbols Mathernatical Symbele
AKl1l, AK2, AK3 Xy, K;, K,y
AK4, AKS5, AKé6 Ky Ks, K
AKl1t, AKl2, AK13 kir, kyz, 13
AK14, AK15, AK!6 kigs ks, kyg
AK21l, AK22, AK23 ka1, kzz, kg
AK24, AK25, AK26 Kaa o kas o kg
AK31, AK32, AK33 kyr, kiz, kay
AK34, AK35, AK36 Kyg . kg5, Ky
AK41. AK42. AK43 k‘li k‘z: kqg
AK44, AK45, AK46 keg s ks Kgeo
AlLA ¢r
ALO 0

r
Al X4+ y Lt 7t
A7 A

Zz
BC p
BETA ¥
DEL £
EL T,
DT At
Gramma Y

19
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FORTRAN Symbols Mathematical Symbo!s

H H
PHI ¢
RAN S
RER Re (¢) at & = ¢>r
RO P
RV H+ Re ()
R1 R,
RR1 R,
T t
THETA 0
v v
1
VT (k% + y% + 2%)°
VX, VY, VZ vV ,V ,V
x y z
m m m
X, Y, 7 X, Y, 2
XD, YD, 2D X, Y, 2
XDD, YDD, 7DD X, Y, Z
XR, YR, ZR X,Y., 2z
r r r
X1, Y1, 721 X1, Y. 2,

20
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INPUTS TO THE PROGRAM

The initial conditions are read into the computer from four

input cards containing the following information:

Card #1 BC, DEL, BETA, V
BC = the ballistic coefficient (W/CpA) in lbs/ft*
DEL = the re-entry angle (negative when re-entering) in degrees

BETA = the velocity bearing angle (positive clockwise from
north) in degrees

V = magnitude of the velocity in ft/sec

Card #2 THETA., PHI, H

THETA = longitude of the vehicle in degrees. If the
longitude is given as 6 degrees west of
Greenwich, change to 360° - 6.

PHI = latitude of vehicle in degrees - input as positive
when above the Equator and negative when below

H = altitude above the earth's surface in feet
Card #3 ALO, ALA
ALO = longitude of radar site (input in the same manner
as THETA)
ALA = latitude of the radar site (input in the same manner
as PHI)

21
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Card #4 DT, HEND, N

DT = increment of the independent variable time

HEND = altitude at which it is desired that the compu“ation
be halted

N = print rate - controls the number of times through the
integration loop before printing. For instance, if DT
is 1/10 sec and trajectory data is desired at 1 sec
intervals, then N should be read in as 10.

22



ouTPrUT OF THE PROGRAM

The quantities shown on the sample print-out are defined as

follows:
TIME = Elapsed time in seconds from initial point
LATITUDE = Latitude of the vehicle in degrees (positive when north

of the equator)

LONGITUDE = Longitude of the vehicle in degrees (positive when
east of Greenwich)

ALTITUDE = Height above the earth's surface in feet

TOTAL ACCELERATION = Absolute value of the acceleration (ft/sec?)
in the earth-fixed reference system

TOTAL VELOCITY = Absolute value of the velocity (ft/sec) in the
earth-fixed reference system

GROUND RANGE = Distance traveled over the earth's surface from
the initial point (nautical miles)

RE-ENTRY ANGLE = Angle between the velocity vector and the local
horizontal (degrees)

X RADAR
Y RADAR = Co-ordinates of the vehicle in the radar reference
7. RADAR system (feet)

AZIMUTH ANGLE

ELEVATION ANGLE = Radar look-angles in degrees (azimuth is
no. of degrees clockwise from north, and
elevation is no. of degrees above the horizon).

GAMMA = Angle between the radar line-of-sight and the velocity
vector (degrees)

SILANT RANGE = Distai. ¢ from the radar to the vehicle (feet}

RANGE RATE = Rate »f chany e of the slant range (ft/sec)
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31L291°0

318640
3se661°0
3e8L428°0
3€e€s1*O
395199°0
3oLe9tto

32185%°0
38€661°0
368628°0
Jeeest o
381199°0
369231°0

3608%%°0
32%6561°0
318€26°0
3E9eS1°0
308099°0
38923%1°0

3L086%°0
36%661°0
368128°C
3L49€S51°0
329399°C
319231°0

JONVE ANNJYO
ALIJ3J73A VLD
yvovy X
NOI1iv¥3T1320V vi0d
30N11LV

EL B

J9INVY AONNJY9
AL120713A VIOL
¥yvavy X
NOI1V¥31390V ivi0y
3aNL14TV

3411

JONVY ONNDJYI
ALIJ0T3A WVLAOL
yvavy X
NOI1v¥31330v 1vi0L
33n1tLY

Inli

JINVY JNND¥O
ALIJ073A VLIDL
¥yygovy X
NOIAV¥3T320v vidd
330111V

INls

JINVY UNNJYO
ALI20713A Wi0d
¥vavy X
NOLiv¥3T320v 1VidL
33n411Y

3411

FONVY QNNDYS
ALIJD3A VDL
¥vlvy X
N311VY¥3T1330v IviOL
3aNLTLV

3Ald
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LIST OF FORTRAN PROGRAM

MAIN PROGRAM

FORTRAN RUN
8ce

LINE # C

IPAGE ¥ 1

REAC 100,BC,DEL,BETA,V
REAC 1004 THETA,PHI H
REAC 10C,ALO,ALA

REAC 101,DT,HENDN
PRINT 1C7

PRINTY 1C6

PRINT 1C2,HsV +DEL.BCyBETA4PHI,THETA
RANWO.

T¥#0.

M¥O

DELWNDEL®,.01745
BETANBETA» . 01745
THETA#THETA® . 01745
PHINPHI®.01745
ALONALG®2.01745

ALANALAR® 01745

25



LIST OF FORTRAN PROGRAM

MAIN PROGRAM

RVEHE208B5596T, /SQRTFEL.~.0067226T7eCOSFEPHIDNe2n
RERH#208559€T./SQRTFR1.-.00672267«COSFXALADSs2D
XRMRER®COSF2ALADSCOSFALON
YRHRER®COSFTALAD®SINFXALOD

LRERERSSINFIALAD

VX#veCOSFICELOsSINF IBETAQ
VY#VeCOSFECELO«COSFIRETAD

VI#VeSINFECELN

CALL COCDEIXD +¥D 920 +VXsVYVZoTHETA,PHINO
XNRVeCOSFEPHIODeCOSFITHE TAD
YNRVeCCSFIPHIOSIANFSTHETAD

{NRVeSINFRPHID

XCux

YONY

ont

RVOANRYV

CALL ALTEHoROyA+B+C+D,E F,GD

RCW#RG/3I2.174

AK11a#XDeDT

AK12#YDeDY

26
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LIST OF FORTRAN PROGRAM

MAIN PROGRAM

AK13#20sDT7

CALL FUI23FAK14,AK]1S,AK1AeXeYeZeXDyYD,2ZD,R0O,RC,DTD

AK2 1 hEXCEL.5%AK14n1eDY

AK2283YCE.5¢AK 150D T

AK23IN4820E.5%AK160DeDT

OCALL FUL23%AK24 4 AK251AK26 ¢ XES#AK]1 L, YE.H®AK]12,28.5¢AK]13,XDE.52AK]14
lyYDE.S#AKL15,2D06.54AK16,R0U,BC,DTD

AKIINEXCE.5*AK240eDT

AK324XYDE.SeAK25DeDT

AK3I3NZIDL.S5%AK2608DT
OCALL FUL123XAK3I4,AKIS AK IO ) XE.50AK2] s YE.58AK22,26.50AK23,XDE.50AK24
1, YDE.50AK25,2IDE.54AK26,R0,BC,0TD

AK4LNIXDEAKI4NDeDT

AK42#XYCEAKISDeDT

AK43INZICEAK36DeDT
OCALL FUL23XAK44¢AKALS ¢AK4H ¢ XEAKI L, YEAKD2,2E6AK33 ,XDEAKD4,YDEAK3S,20E
1AK3¢,R0,8C,DTD

AKINZAKL1E2.2AK2)EZ2 . 2AK31ELAKGLD /K.
AK2¥RAK1262.9AK2202.#AKI2EAKA420 /A,

AKINTAK]362.2AK2362.2AK33EAKA 3D /A,

27



LIST OF FCRTRAN PROGRAM

MAIN  PROGRAM

AKGHEAKLAGE2 . v AK24E2 . #AK 34EAKG4D /6,
AKSHEAKLISE 2.2 AK?265E2 .¢AK IS EAK4RD /6.
AKEHEAKLOE 2. AK26L2 . #AKI6EAKA4HT/ B,

XMXEAK]

YHYLAK?

IN2EAK)

XCHXCEAKS

YCNYDLAKS

LCHICEAKS

RVESCRTFIXeXLYeYL2e D
HNRV-2085596T7./SORTFE1.-.0067226T7ekxXeXEYeYO/RVee2n
BINX2eYC~-Yn200002LXX020-LeXCUR2LTYRXO-XeYOD e
CHSQRIFXBID/XRVeRVOD
RANWNC*2,078505€C07/76076.16RAN

TNTECT

MAME L

1FIN-MO2,2,1

CALL QUADITHETAPHIX,Y,20

M¥0

VIASQRTFIXCeXDEY eYCELICeZNa

28
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12

LIST OF FCRTRAN PROGRAM

MAIN PROGRAM

CALL TUL23EXDDsYDD w200« Xs Yy 2o XDsYD,42D,RO4BCHi.0
ATHSCRIFZXDD#XCDEYDDYDNEZDESZICED
NHEXeXCEYeYDEZ#ZDO/ERVeEVTID

DINSQRYITEL.-DeDn

Dt #ATANFEC/010/,0117453)

CALL COCO'EX19YlgZLloyX-XRyY~-YR4Z-ZIRyALUsALAR
CALL RAEZR1ILAZ, FL oX1lyYleZlu
RRINEEX-XROeXDEIY~-YRUsYDEYI-IRD#ZDT/R]
CGAMANRR]/VT

SGAMANSCRTIFE! .~CGAMAee20

1FERRIDL2,12,23
GAMANATANFISGAMA/CGAMAD/Z. 011745

GC 10 18
GAMAN1BZ.-ABSFIATANFESGAMA/CGAMAD/ . 017450
CCN T INUE

PRINT 200,T,PHI, AL

PRINT 201,H, THETA,EL

PRINY 202,AT,DEL,GAMA

PRINT YT111aXlaVl,2”

PRINT 203.VT,4R1

29
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e ey GED OED e md  pued pd et

LIST OF FORTRAN PROGRAM

VAIN  PROGRAM

PRINT 2C4,RAN,RR]
LINE # LINE & ]
IFELINE —- 601234,1423,1234
1423 LINE # C
1PAGE ¥ IPAGE & ]
PRINT 1532, 1PAGE
1532 FCRMATXIHL,75X,4HPAGE,]Sa
1234 CCNTINUE
1FEH-HENDDG 44,1
4 PRINT SCO
ST0P
100 FCRMATZBELS.80
101 FCRMATX2EL5.8,13
207 FCRMATZIHL,STXo LBHINITIAL CCNDITIONSD
1OAOFCRVATEIHK 25X ¢ IHALT 95X oBHVELOCITY 43X, JOHRE-ENT ANGTX ¢ 6HBAL CO,SX
148HBEAR ANG+9X o 4HLATO,9X,4HLONOO
102 FGRFMATEIH ,17X,10€E13,.5@
2000FORMATX/// o 16X o 4HTINME ¢ 18X oEL2.5¢6X¢BHLATITUDE s 9X9ELR2.595X913HAZ IMU
1TH ANGLE,SX.ELl2.50

2O0L0FCRMATEIH o 1SXoAHALTITUDE ¢ 14X0EL2.5¢6X 9 IHLONGITUDE ¢8X¢4EL1245¢5Ky 15H

30
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LELEVATICN

2020FCRMATZ1H

I'BX'ElZISO

2030FURMATX.H
l.50

204 FORMATRLH
lo

1111 FCRMATEILH

LIST OF FCRTRAN PROGRAM

MAIN PROGRAM

ANGLEy3XyE12.50

» 15X 18HTCTAL ACCELERATION.4X4E12.5+6X 4 14HRE-ENTRY ANGLE
SXeHSHGAMMA, 13X, E12.50
115Xy 14HTOTAL VELCCITYyBXoEL2.5+6X9 1 1HSLANT RANGE,6XoE12

v 15X ¢ L2ZHGROUND RARNGE ¢ 10X oEL12.596Xs LOHRANGE RATEZ7X,EL12.5

s 15X AHX RADAR 4 14X,E12.5,6X48HY RADAR y9X9EL12.595X, THI

IRADAR,11X,EL2.50

500 FCRMATXLIH]L 40X, 10HEND OF JOB /777777770

.ND
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LIST OF FCRTRAN PROGRAM

SUBROLTINE COOD

8CP COO0C
SUBRCUTINE COOD%A,B.C,D+E,F,0,PO
AH-CeSINFEOD-E*SINFEPDeCOSFRODEFeCOSFEPNneCOSFI0N
BH#DeCOSFR0D-EoSINFEPOeSINFECOLFeCOSFEPnIeSINFE0D
CH¥L«COSIXPDEF#SINEEPOD
RETURN

END
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f

LISY OF 3 URIRAN

SUBROUTINE

BCP  QUAD
SUBRRCUTING QUADEALBX,Y, 20
ANATANF Y/ X0/ .01 745
THEYD) 42,42
[FEX03,4,20
A H -18C. & A
GU 1y 2¢C
A#90.
6C 10 20
[t EX0644,20
AN180.CA
GLote 2¢6
BHATANFRLZ/ESORTFEXeXxEYeYnND/ 01745
Rt TURN

tND

33

PROGRAM

GUAD



f

15

RCP RAE

LIST OF FCRTRAN PROGRAM

SUBRCUTINE RAF

SUBRCUTINE RAEZA,BsCoXlyYl,Zlu

AUSCRTFIX1axX]l & Ylsy]
CNALANFYZL/SURTFEX]aX
HHATANFEX1/Y10/.01745
TFEX1ul 242
IFRY1ID3,4,5

Hel80.8L8B

GC IC 1S

W9,

6L TC 15

tw360.E8

GO TC 18

[FIY1O6,4415

6e4180.E8H

GC IC 15

RETURN

END

& Zl1e2]ln

1 & YleYlon/.01745
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LIST OF FLRIRAN PROCRAM

SUBRCUTINE €OODIE

BCP COODI
SUBRCOUTINE COUDIZA,ByCoDsELF,0O,P0
A4-CeSINFECOLE«COSF 30D
BA-CeSiNFEPOSCOSFROD-E#SINFIPnaSINFEOOLFsCOSFEPNO
CHCeCOSFEPDeCOSFECOEECCOSFEPUsS INFRUILF«SINFXPO
RETURN

END
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LIST NOF FCRTRAN PRUOGRAM

SUBRROUTINE FuUl23

BCP FUL23
SUBRCUTINE FUL23%A4BeCyXyY 42y XCyYD,2D,4,ROLWBC,0DTO
C2#1.38999091C¢&16
UN,72918296E-04
C3416.087RC/BC
DildiXeXEYesYElalDne] 5
D2WSCRTFEXDexXDEYDeYDELDSNU
ANX-C2aX/D1-C3leXDeD282.2UaYCEU e X DT
B¥E-C2oY/D1-C3eYDeN2-2.2UsXCLUeoYaeD]T
CnE~-C202/D1-C3e20e0204DT
RETURN

END
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31

30

SUBRQUTINE ALTEH,ROWPRICFFP,TEV,GRA,WM,SOSO

IF$F-40C00C.0n30,30,31

RCP ALY

RCWHO.

REUTURN

[FEH-40C00.01,42,3

X#H/100C0O.

P34 -0.56721846E~-C3
P24 -0.958C8049€E-02
Pl# -0.37347339ELCO
POK¥ O0.191735T4ELC?
T3 0.12881606ELCI
T2# -0.£053482TECGCH
Ti# -C.28813737€0¢6C2
10# 0.51772365ELC)
GC 1L 5C

? CONTVINUEF

3

IFEF-BCCO0.06445,6

4 CCNTINUE

5 XMTH-40000.0/71000C.

LIST NF FCRYRAN PROGRAM

SUBROUTINE

37
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LIST OF FCRIRAN PROGRAM

SUBROUTINE ALI

PIK-0.35193446E~-05
DA 0.25197324E-03
P1o-0.41883423E€60C
PO# 0.17487069E602
Y34 0.

V24 C.

14 0.

TL#4 C.38999000EE03
GLore SC
"FEH-16(000.07,8,9
X4¥H-B0CO00.0/1000C.
PiM -0.19423133€~03
P24 0.99676253E-02
P14 -0.48090213€EL00
POKR 0.15575633€E602
13# -0.10962868BELQ0
124 0.12311886EL01
TIN 0.12416913€602
TO# 0.38925805E603

L1 8¢
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10

11

13

LIST OF FCRYRAN PROGRAM

SUBROUTINE

CONTINUE
IFETH-175C00C.010,11,12
CCNTINUE
X#¥H-160000.0/1C0C0.
P3i# C.0C00

P2¥ 0.1680C000E-03
P1#-0.36283040E600
PON¥ 0.12266%563E602
(38 O.

2% 0.

Tiw C.

TC# 0.50879000€E€03

GC IC SC
[FEH-27C000.D13,14,15
X#T--17500C.0/10000.
P3N -0.50571711€E~-03
P2R -0.714%8221€-02
Pl# -0.36369539FL00
PO¥ 0.11723187€602

T34 0.12190679ELCO

39
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14
15
16

17

18

T2# -0.13745684E8601
TI# -0.20357798€602
TO¥ 0.50755152E¢EL03
GC 1L 5C

CCNTINUE

IF¥H-290000.016,17,18

CCNTINUE
X¥Y¥H-27C000.0/100C0O.
P3s O.

P2¥ 0.25095006E-03
P1¥-0.61251035ELO0
PO 0.71906764EL01
T34 0.

128 C.

Tie ..

TC¥ 0.2982C000ELO)

GO 7C 5C

1FXH-35C00C.019,20,21

XNZH=290000.171G000.

P3N -0.12243014€E-03

LIST OF FORTRAN PROGRAM

SUPROUTINE

40

ALT
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e

P2¥ 0.16998582¢E-C1
PIN -0.63252519F6CO
POk 0.59679151€EE01
T3¥ -0.55833219ELCO
124 0.61892744ELC]
TI# 0.66193506FE600
TC¥ 0.29675713EEC3
GC 10 SC

20 CCNTINUE

21 X#%XH-35000C.a/1CCCO.
P3¥ -0.263C9606E-C2
P24 0.43390852€E-Cl1
Pi# -0.43767363CECO
PO¥ 0.27568534EL01
T3¥# -0.10924334FEE00
T2¢ 0.864074361ELOO
118 0.10253056EE03
T0# 0.40381341EELCD

S0 IFYH-295000.022,422,23

22 WMN2B.966

LIST OF FCRTRAN PROGRAM

SUBROUTINE

41

ALT




23

24

25

51

LEST (OF FORIRAN PROGRAM

SUBROLTINE ALl

GO TU 51

IFEH-35C00C.024,25,25
WME2B.96RBSA-20.11714T44E-01NneX-¢0,1428512BF~-02nsXsX
GC 1C 51
WMH2B8.848927-%0.26962111E-0104X-20.89303508L-03usxeXx
PRVZEXPFEITIP IexXEP20eXbP lueXEPOOD/ 100000
TEMNZET o XET2neXLTlneXETO

RUNIPReWMO/ 1545, 0 TEMD

RE TURN

SCSHSQRTFX45.0436ePR/R0OD

FPHL./1.T406976EECIsWM/RI
VBHSCRTIFE3.6666166CEL060TEMI/ WV

CFavVB/FP

GRANL1.3994182EE16/XHE2.087°553L6CTaee?

RETURN

END
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Start

Line = 0
I Page =1

\

Read 100
BC, DEL,
BETA, V

Read 100
THETA, PHI, H

Read 100
ALO, ALA

Read 100
DT, HEND, N

Print 107

Print 106

Next
Page

4}




-—

.

ENTER FROM PREVIOUS PAGI;

Print 102
H, V, DEL, BC, BETA
PHI, THETA

RAN =0
T=0

DEL =
DEL (.01745)

4

BETA =
BETA (.01745)

)

THETA =
THETA (.01745)

PHI =
PHI (.01745)

ALO =
ALO (.01745)

Next
Page

44



ENTER FROM PREVIOUS PAGE

l

ALA =
ALA (.01745)

RV = H + 20855967/

\[1-.00672267[ COSF(PHI) |?

RER = 20855967/

J1-.00672267[ COSF(ALA)]*

l

XR = RER (COSF(ALA))
(COSF(ALO))

I

YR = RER (COSF(ALA))
(SINF(ALO))

45
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ENTER FROM PREVIOUS PAGE

ZR = RER
(SINF(ALA))

VX = V(COSK(DEL))
(SINF(BETA))

VY = V(COSF(DEIL))
(COSF(BETAY))

VZ =
V(SINF(DEL))

]

Call COOD
(XD, YD, ZD, VX, VY, V7,
THETA, PHI)

X = RV (COSI(PHI))
(COSF(THETA)

46



ENTER FROM PREVIOUS PAGE

Y = RV (COSF(PHI})
(SINF(THETA))

Z = RV (SINF(PHI))

X0 =X

20 = 7

RVO - RV

Call Alt
(H, RO, A, B, C,
D, E, F, QG

47

Enter No. 1
From Page 54
or 58



ENTER FROM PREVIOUS PAGE

L

AKI11 :‘xn(m‘)
AKIZ = YD(DT)
AK]13 -

2D(DT)

!

Call FU 123
(AK14, AK15, AK6, X,V, 7,
XD, YD, ZD, RO, BC. D)

AK 21 = DT[XD + .5(AK14)]

1

AK 22 = DTLYD + . 5(AK15) |

S

48




ENTER FROM PREVIOUS PAGE

AK23 + DT |ZD +.5(AK16})

CALL KU 123
(AK24, AKZ25, AKZ26, X t .5 (AK 1)
Y+.5(AK1Z2), Z + .5 (AKL13),
XD+ .5(AK14), YD +.5(AK!5Y,
ZD1.5(AKl6), RO BC, DT

AK3l = DT
[XD+.5(AK24)]

AK 32 = DT
[YD + .5 (AKZ5)

AK33 - T
(ZD+.5 (AK26)]

B4

|

CALL FU 123
(AK34, AK35, AK36, X + .5 (AK2l),
Y+.5 'AKZ22), 7 +.5 [AK23),
XD + .5 (AKZ24), YD + .5 (AKZ5),
ZD + .5 (AK26), RO, BC, DT)

o TIPSR

49



ENTER FROM PREVIOUS PAGE

AK41 = DT
[ XD + AK34]

AK43 = DT
[YD + AK35]|

AK43 = DT
[ 2D + AK36]

CALL FU 123
(AK44, AK45, AK4b.
X+ AK31, Y+ AK32, 7+ AK33,
XD + AK34. YD + AK35,
2D + AK36, RO. BC, DT)

AK! = (AKI11 + 2(AKZ1) ¢+
2(AK31) + AK41)/6

#

AK2 = (AKI12 + 2(AK22) +
2(AK32) + AK42)/6

L.

50
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FNTER FROM PREVIOUS PAGE

AK3 = (AKI13 + 2(AK23) +
2(AK33) + AK43)/6

!

AK4 = (AK14 +2(AK24) +
2(AK34) + AK44)/6

1

AKS5 = (AKI5 + 2{AK25) +
2(aK35) + AK45)/6

1

AK6 = (AK16 +2(AK26) +
2(AK36) + AK46)/6

x*
"

X + AKl1

<
n

Y + AK2

51
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KNTER FROM PREVIOUS PACEH

|

Z =7 + AK3
XD = XD+ AK4
1
YD =YD+ AKS
i
ZD=7D+ AK6
1
RV =

Nyl b W2 gt

1 = RV -
20855967

Z P4
/ 1-.00672267 ("—T:—v¥—)
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ENTER FROM PI\EVIOUS PAGE

Bl = | Z (YO) - Y (ZO)]2
+ X (2O) - 7 (%0)]

+ [Y (XO)- X (YO))*?

v Bl

C = RV{ERVO)

RAN = RAN +

C(2.078505E + 07)
6076.1

1

=1+ DT

M=M=+ 1

53
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(Page 47)

ENTER FROM FPREVIOUS PAGFE

A

CALL QUAD
(THETA., PHI, X, Y, 7)

VT = VNXD* + YD? + 7.D?

CALL FU 123
(XDD. YDD, ZDD, X, Y,
XD, YD, ZD, RO, BC. 1.

A
)

AT =

XD + YDD? + ZDD?

Page

54




‘s“_“‘“*‘--ﬂm

ENTER FROM PREVIOUS PAGE

D = X(XD) + Y(YD) + Z(ZD)
- RY(VT)

Dl

n
[}
w)

_ ATANF (D /D1)
DEL = —3774533

|

CALL COODI
(X1, Y1, Z1, X-XR,
Y-YR, Z-ZR, ALO, ALA)

|

CALL RAE
(R1, AZ, EL, X1, Y1, Z1)

[

RR1 = [(X-XR)XD + (Y-YR)
YD + (Z-7ZR)ZD]/R1

Next
Page

55




ENTER FROM PREVIOUS PAGE

SGAMA =~1-(CGAMA

<
0 1F(RR1) >0
N2/ N3/
GAMA = 180 - ABSF GAMA =
SGAMA SGAMA
ATANF —_—
(=Gama ATANF ( cormzx
01745 . 01745
N2
CONTINUE
1
Print 200
T, PHI, AZ
Next
Page




.

- — L [N

aan wp wibh O S G G = o

{(Next Page)

1

Print 201
H, THETA, EL

4

Print 202
AT,DEL, GAMA

1

Print 1111
X1, Y1, Z1

l

Print 203
VT, Rl

I

Print 204
RAN, RR1

|

Line = Line +1

ENTER FROM PREVIOUS PAGE

24
0 Line = 0
IPage =
IPage +1
— '
Print 1532
IPage
J

57




a «Ep e ab G = —

ENTER 1234 FROM PAGE 57

0>

l

CONTINUE

IF (H - HEND)

STOP
END

58

(Page 47)



SUBROUTINE COOD
|

&

SUBROUTINE COOD
(A. B, C, D, E, F, O, P)

A = -D(SINF(O)) - E(SINF(P))
(COSK(0)) + F(COSF(P))
(CCSF(O))

B3 = D(COSF(0)) - E(SINF(P))
(SINF(O)) + F(COSF (1)
(SINF(O))

C=E(COSF(P) + F(SINF(P))

RETURN

END
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SUBROUTINE QUAD

|

SUBROUTINE QUAD
(A, B, X, Y, Z)

- ATANF(Y/X)

B = ATANF(Z/(SQRTF(X?
+ Y*)))/.01745

l

RETURN
END

60

.01745
>
X — \IF(Y)/ — -
o< IF(X) =0 - =0 IF(X) >0
<0 <0
\NEP4 A\ 4 <t/
A =180+ A A =90 A =180+ A
NI




SUBROUTINE RAE

SUBROUTINE RAE 1
(A, B, C, X1, YI, 21)

AT AN(Z1)

C = JXD+ (Y1) v (71)°
° T .01745

o X1
ATAN Y1

01745

20

{(Next Page)

61

{Next Page)



ENTER I FROM
PREVIOUS PAGE

0> =0

!

ENTER 2 FROM
PREVIOUS PAGE

IF(y

>0
>

\

&/

|

3= 360 v B

&/

B =104+ B

IF(Y1)

<0

B =180+ B

>0

'}

N1

RETURN
END

62




SUBROUTINE COODI

|

SUBROUTINE COODI
(A, B, C, D, E, F, O, P)

1

A = -D(SIN(O))
t E(COSE(O))

|

B = -D(SINF(1)){(COSE(0O))
-E(SINE (1) (SINF(O))
F(COS I (1)

C = DCOSH(PHY(COSF(O))
t FE(COSF 1)) (SINF(O))
t F(SINI(P))

v

RETURN
END
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SUBROUTINE FU123
|

|

SUBROUTINE FUI123

(A, B, C, X, Y. 7,
XD, YD, 2D, RO,
BC. DT)

C =1.38999091E + 16

U =.72918296E - 04

RO
C3 =16.087 (R)

D1 = (x%? + y? + 2%)

Next
Page
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SUBROUTINE FU!Z3

|

D2 =NXD)Y (YD) + (Z D)

G2 (X)L

DI
C3(XD) (D )+ 2(U) (YD)

¥ Ut (X)) pr

1

B=[-C2(Y)/DI] -
C3 (YD) (D2) - 2 (U) (XD)

t Ut (Y)] DT

1

C=[-C2(72)/D1 -
G3 (/D) (D2)] DT

RETURN

65




